Sugarcane contributes 60-70% of annual sugar production in the world. Somaclonal variation has potential to enhance genetic variation present within a species. Present study was done to optimize an in vitro propagation protocol for sugarcane. The experiments included four varieties, 9 callus induction media, 27 regeneration media, and 9 root induction media under twofactor factorial CRD. Data were recorded on callus induction, embryogenic callus formation, shoot elongation (cm), root induction, and plant regeneration. Statistically significant differences existed between genotypes and treatments for callus induction (%), embryogenic callus formation (%), shoot elongation (cm), root induction, and plant regeneration (%). All parameters showed dependency on genotypes, culture media, and their interaction. Highest callus induction (95%) embryogenic callus formation (95%) was observed in callus induction media 5. Highest plantlet regeneration (98.9%) capacity was observed in regeneration media 11 whereas maximum shoot elongation (12.13 cm) and root induction (8.32) were observed in rooting media 4. 1 showed best response for all traits and vice versa for 4 . Hence it was concluded that 1 , callus induction media 5, regeneration media 11, and rooting media 4 are the best conditions for in vitro propagation of sugarcane.
Introduction
Sugarcane is a strong and tall crop. It belongs to perennial grasses. It has high sugar content. Commonly grown sugarcane cultivar is Saccharum officinarum which belongs to family Poaceae. It is an important industrial crop in tropical and subtropical regions of the world. Properties such as an efficient photosynthetic machinery and efficient biomass production make it an excellent target for industrial processing and a valuable alternative for animal feeding and the production of byproducts. It is also a prime candidate as a fuel crop (production of ethanol). Byproducts from sugarcane include molasses, stock feed, alcoholic drinks, bagasse, and cane wax [1] .
Sugarcane provides major raw material for sugar producing industries [2] . It ranks among the world's top ten food crops and contributes 60-70% of annual sugar production in the world. Nowadays it has appeared as an important bioenergy field crop [3] . Pakistan ranks 5th in sugarcane producing countries with respect to area under cultivation and holds 15th position with respect to sugar production [4] . Sugarcane crop contributes 3.2 percent as value addition in agriculture and 0.7% in GDP [5] .
With the uses of conventional, modern breeding, and advanced biotechnological approaches, sugarcane is becoming model crop for the future. It also promises to fulfill food, fiber, feed, and biofuel requirements of quickly growing world population. To meet the increasing sugar demand and to make sugarcane a beneficial crop to farmers it is required to advance the quality and quantity of sugarcane and sugar production per unit area [6, 7] . The other major challenges to be addressed by the sugarcane breeders include biotic stresses (pests, diseases, and weed competition), abiotic stresses (drought, salinity, cold, aluminum toxicity, and compact soils), and plant architecture including stalk number, height, leaf angle, and plant vigor [8] [9] [10] [11] .
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In vitro propagation and other in vitro techniques are in common use in agriculture and horticulture for solving various problems related to plant and mass propagation of crop plants [12] . In vitro propagation of sugarcane is a model system to investigate sugar uptake [13] , sugar metabolism [14] , disease control [15] , improvement of yield components [16] , and weed control via herbicide tolerance [17] . Use of plant tissue culture is a preferable technique to solve the agricultural problems over conventional methods, as plants are grown in controlled environment in tissue culture.
It has been observed that, in many plant regeneration systems, callus induction is initiated by 2, 4-D at different concentrations [18] . Also the success of the sugarcane tissue culture is also dependent on sugarcane genotypes [19] , culturing medium and use of growth enhancer & regulators [20] . Therefore the present study was designed with four sugarcane cultivars developed by Sugarcane Research Institute, AARI, Faisalabad, to check the effect of cultivar, different media compositions on the callus induction, embryogenic callus formation, and plant regeneration. In addition, we have also carried out optimization of protocol for in vitro propagation of sugarcane.
Material and Methods
The present research work was done in the Genetically Modified Organism Testing Laboratory, Agricultural Biotechnology Research Institute, AARI Faisalabad, during 2016. Pots were irrigated every two days with tap water. Sugarcane plants were kept in the same conditions approximately for six months. The plant material used for callus inductions was innermost layer of the leaves. The explants were surface sterilized for 10 min in ten percent bleach, followed by three rinses with sterile distilled water. Then plant part was put on sterile filter paper for drying purpose. Innermost layer of the leaf was obtained and was cut into 5 mm pieces which were separately placed on aseptic media. Two explants per test tubes were cultivated and cultures were kept in the dark at 25± 1 ∘ C. Callus induction percentage was determined after four weeks. Media were refreshed in each callus after every second week.
Media Preparation for Callus

Identification of Embryonic and Nonembryogenic Callus.
Difference between nonembryogenic and embryogenic callus was achieved on the basis of callus physical characteristic [21, 22] . Embryogenic callus is of smooth trait, compact, and described by its white-cream colour and its nodularlike arrangement. But nonembryogenic callus is of wet trait, translucent, or of brownish colour. After four weeks of culture, the number of embryogenic calli was noted for all treatment combinations.
Plantlet Regeneration, Shoot Elongation, Root Formation, and Acclimatization of the Regenerated Plants.
Embryogenic calli were transferred in Petri dishes containing regeneration media (MS modified). Different types (27) of media prepared with different combinations of sucrose, BAP, and NAA keeping the MS salt in constant amount (e.g., 4.6 g/L) were used for plantlet regeneration. Cultures were placed in growth room at 25 ± 1 ∘ C under 16 h light (1000 lux). Regeneration of plants from each of the calli was recorded consecutively for 4 weeks. Data were recorded on number of regenerated shoots for four weeks and media were changed after every second week. Regenerated plantlets were then shifted on different combinations of (NAA) root induction media (Table 1) . Shoot elongation and rooting induction were recorded for four weeks. Plants with well-developed roots were transferred to disposable cups filled with soil, under high humidity (>90%), by covering the plants with plastic wraps after cutting their leaves [23] . Plants were kept in green house at 25 ± 1 ∘ C under 16 h light for hardening. Later on plants were shifted to field. Plants were said to be acclimatized when new leaves and roots were formed in the field conditions.
Statistical Analysis.
Data regarding number of induced callus, the number of embryogenic callus, plantlet regeneration, shoot elongation, and root induction were subjected to analysis of variance according to Steel et al. [24] .
Result and Discussion
An efficient system for in vitro propagation of sugarcane has been optimized and results obtained in the above experiments are summarized here.
Callus Induction.
For callus induction 9 different media formulations with varying concentrations of the sucrose and 2, 4-D (Table 1) along with four genotypes CPF-246, CPF-247, CPF-248, and CPF-249 were used. Genotypes, media, and their interaction significantly differed for callus induction ( < 0.05) Table 2 . The results indicated that the callus induction varied from 40% to 95% (Figure 1 ). These high callus induction percentages explained the high capacity of the tested sugarcane genotypes to induce callus. Genotype 1 and 3 have the highest callus induction percentages (95% and 90%, resp.) with white creamy callus ( Figure 5(a) ), while genotype 4 has the lowest callus induction (40%). Genotype 3 showed an intermediate (70%) callus induction. Similar results were also reported by Gandonou et al. [19] who studied the effect of genotypes on callus induction in sugarcane and reported high callus induction (95%) in Clone III.
Highest callus induction was observed with media 5 (MS salt 4.6 g/L, 2, 4-D 2.0 mg/L, and sucrose 30 g/L) and T1 T2 T3 T4 T5 T6 T7 T8 T9 T1 T2 T3 T4 T5 T6 T7 T8 T9 T1 T2 T3 T4 T5 T6 T7 T8 T9 T1 T2 T3 T4 T5 T6 T7 T8 T9  G1  G2  G3 T1  T2  T3  T4  T5  T6  T7  T8  T9  T1  T2  T3  T4  T5  T6  T7  T8  T9  T1  T2  T3  T4  T5  T6  T7  T8  T9  T1  T2  T3  T4  T5  T6  T7  T8  T9  T1  T2  T3  T4  T5  T6  T7  T8  T9  T1  T2  T3  T4  T5  T6  T7  T8  T9  T1  T2  T3  T4  T5  T6  T7  T8  T9  T1  T2  T3  T4  T5  T6  T7  T8  T9   1st  2nd  1st  2nd  1st  2nd  1st 2nd
Treatments (week) Figure 2 : Effect of different plantlet regeneration media on embryogenic callus formation (%) in sugarcane. 1st to 2nd week indicates the reading for week 1 and week 2, respectively. 1 -4 are CPF-246, CPF-247, CPF-248, and CPF-249, respectively, and 1 -27 are different media compositions in the regeneration media portion of Table 1. lowest callus induction was observed with callus induction media 2 (MS salt 4.6 g/L, 2, 4-D 1 mg/L, and sucrose 30 g/L). These results showed that callus induction ability depends on genotype, culture media, and their interaction. Similar results were also observed by Gandonou et al. [19] and Khan et al. [2] . Begum et al. [25] observed that 3.5 mg/l of 2, 4-D gave maximum callus induction in Bangladeshi sugarcane variety Nagabari. Islam et al. [26] demonstrated that 0.5-5.0 mg/l of 2, 4-D gave maximum callus induction from the sugarcane leaf tissues supplemented with MS media.
Embryogenic Callus.
Embryogenic callus shows the ability of the callus to regenerate plant from one cell or few numbers of cells. Difference between embryogenic and nonembryogenic callus was achieved on the basis of callus physical appearance as reported by [19] . In addition to these two previous types, we observed an intermediary type with a nonembryogenic tissue covered by an embryogenic tissue. This type of callus was also observed previously for sugarcane [27] and sorghum [28] . For embryogenic calli percentage determination, we classified the intermediary type as embryogenic because, in further subcultures, the embryogenic tissue grows faster than nonembryogenic tissue.
Embryogenic callus formation was recorded for two weeks and was higher in the second week as compared to week 1 irrespective of the genotypes and treatments. Statistical analysis showed significant differences between genotype, treatments, and their interaction for embryogenic callus formation ( Table 2 ). The highest embryogenic callus was observed in 1 (95%) followed by 3 (90%) in 2nd week. The trend was similar for the genotype in the first week. The lowest embryogenic callus was observed in 4 (23, 35%), respectively, in the first and second week. Maximum embryogenic callus formation was found in media 5 for second week (95, 60, 90, and 45%) and first week (80, 55, 87, and 35%), respectively, for 1 to 4 (Figure 2 ). Previously similar results were reported by Verma et al. [29] in crocus and Gandonou et al. [19] in sugarcane. Molina et al. [30] also reported that somatic embryogenesis in coffee plant is affected by genotype and month of leaf collection. Somatic embryogenesis varied from 4.8 to 72.4% across genotypes in their experiment.
Plant Regeneration.
Embryogenic callus was grown on regeneration media. Media 11 showed best results for plantlet regeneration. The number of plantlets regenerated per callus was also very high (Figure 3 ). High regeneration ability was found in 1 followed by 3 whereas 2 and 4 showed low regeneration ability. Maximum and minimum regeneration ability were observed in 1 (91.3, 93.3, 94.3, and 98.9%) and 4 (60.9, 62.8, 65.7, and 69.9%), respectively, from 1st week to the 4th week. Regeneration ability of the remaining two genotypes was in between these two (Figure 3) . Cultivars, having high regeneration ability, are useful in tissue culture programs. These results illustrated that plant regeneration capacity is a cultivar dependent trait and it is likely that this trait is being controlled by one or a block of genes ( Figure 3) . These results are in line with the previous results of Birsin and Ozgen [31] in Triticosecale who reported that Mikham 2002 and Presto cultivars showed higher regeneration ability than the other genotypes.
Different types of regeneration media with varying concentrations of sucrose, BAP, and NAA were used to optimize media for plantlet regeneration. Best media combination for plant regeneration was media 11 (MS salt 4.6 g/L, sucrose T2 T3 T4 T5 T6 T7 T8 T9 T1 T2 T3 T4 T5 T6 T7 T8 T9 T1 T2 T3 T4 T5 T6 T7 T8 T9 T1 T2 T3 T4 T5 T6 T7 T8 T9  G1  G2  G3  G4 Shoot elongation Root induction Table 1. 30 g/L, BAP 2.0 mg/L, and NAA 0.50 mg/L). Plant regeneration was comparatively low in the rest of the media tested.
The results for the best treatment are given in Figure 3 from 1st week to 4th week and best regenerated plants in Figure 5 (b). However the genotypic response for plantlet regeneration was the same as was found for callus induction and embryogenic callus formation; that is, maximum plantlet was observed in 1 followed by 3 and lowest plantlet was observed in the cultures of 4 . The results are also in line with the Verma [29] in crocus. They reported that using NAA and BAP together gave better regeneration. However Ather et al. [32] reported that only BAP @ 1 mg/L alone was found optimum and showed maximum shoot emergence from sugarcane callus.
Shoot Elongation and Root
Induction. Auxins (NAA) are involved in several crucial morphogenetic and biochemical responses, that is, promotion of root induction and shoot elongation in plant axial portions (stem and flower pedicels) [33] . Effect of naphthalene acetic acid on shoot elongation and root induction in sugarcane was evaluated in this study. Nine different compositions of rooting media with varying levels of NAA and sucrose keeping MS salt constant (4.6 g/L) were used (Table 1 ). All the treatments showed significant differences for shoot elongation and root induction ( Table 2) . Highest shoot length (12.9 cm, Figure 5 (Figure 4 ). From these results it was concluded that NAA at 0.5 mg/L is optimum level for shoot elongation. Lal and Sing [34] also reported that NAA is the ideal growth regulator for induction of rooting in the sugarcane. However Khan et al. [2] reported that instead of NAA, IBA is ideal growth regulator for root induction in sugarcane.
Conclusion
Our findings showed that callus induction capacity, embryogenic callus response, plantlet regeneration, shoot elongation, and root induction in sugarcane are influenced by genotype and culture media. Growth regulator concentrations used for callus induction also differently affected plant regeneration in the sugarcane varieties. Furthermore, the four genotypes described in this study reacted well to in vitro culture especially to embryogenic callus formation and plantlet regeneration. Maximum callus induction, embryogenic callus formation, plantlet regeneration, shoot elongation, and root induction were observed in 1 followed by 3 . Further, we have also observed that the media compositions were equally important and, out of the media tested in this study, we have identified the best media for callus induction, plantlet regeneration, and shoot elongation and rooting. The study will fill the knowledge gap and will be helpful in deciding the suitable cultivar for micropropagation studies in sugarcane as well as other crops. A complete protocol for the in vitro propagation of sugarcane has been optimized which will also help researchers interested in micropropagation of sugarcane. It is further suggested that the plethora of genes involved in International Journal of Agronomy specific response of cultivar to tissue culture media needs be explored for better understanding of the phenomena.
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